Abstract-The paper presents a performance study of two algorithms for dynamic allocation of the Dedicated CHannels (DCH) in UMTS over the air interface, namely Least Recently Used (LRU) algorithm and an Adaptive algorithm. The algorithms are designed to efficiently share the dedicated channels among users whose traffic patterns are characterized by bursty packet transfers followed by long inactivity periods.
I. INTRODUCTION
UT MTS systems were originally designed to achieve a peak data rate of 2 Mbps within 5 MHz of spectrum [1, 2] . This makes possible to offer a variety of new data services over wireless communication channels. Data can be delivered either by using dedicated channels (DCH) that operate at higher data rates or by implementing the concept of dedicated shared channels (DSCH), which allow multiple users to be scheduled over the same communication channel by employing a time division mechanism to control the multiple access to the radio resources. Furthermore, the HISDPA (High Speed Downlink Packet Access) evolution of UMTS will allow theoretical peak data rates to be pushed to 10 Mbps by making the system more robust to errors caused by the radio channel thanks to some advanced features such as Adaptive Modulation and Coding (AMC), Node-B based scheduling, fast physical layer hybrid ARQ (H-ARQ) and shorter Transmission Time Interval (TTI) (2 ms) [3] .
The paper analyzes the potential of a UMTS system to carry data services over dedicated channels. In this context, packet data service users must be either in the Cell_DCH or Cell_FACH state to transmit data [4] . In the Cell DCH state, the user is provided with a dedicated channel (DCH) with a fixed data rate. In the Cell_FACH state, the user shares the Forward Access CHannel (FACH) with other users. A. Description ofa user Web Browsing Session A user initiates the download of a page by sending a request. The response to this request is generally an HTML or Java script file that contains requests for several objects that make up the page (see Figure 2) . For example, consider browsing through "cnn.com". The first file downloaded consists of text, some HTML code and some Java script. The execution of the HTML code and Java scrip initiates the download of other objects such as pictures, flash media files or advertisements. Once the objects of a page are completely received, the user moves into the think time where no traffic is generated. The download of the next page begins after the think time elapses. In our study we assume that user cycles through this download think time sequence a random but finite number of times. The power allocated to a user is updated at regular intervals. The required power allocation is based on an empirical joint distribution of Ior (power received by a user from its own sector) and Ioc (power received by the user form other sectors) that was obtained from field tests. The empirical distribution is given in Figure 4 [5] . Using this joint distribution we obtain the unconditional distribution of for and the conditional distribution ofIoc given Ior.
When user's buffer should stay empty for at least lOOms when it hits the empty state. In addition, one also requires that a user is held for at least one second (1 s) in a state before being eligible to switch to another state. The time required for switching between states is 0.5s. ii) Prevent transitions due to the jitter on the packet interarrival times.
iii) Trigger transitions from DCH to FACH when the utilization is low.
Note that the adaptive algorithm with an update period of T operates like an RC filter with "time constant" (T/ln a). In order to satisfy the condition ii) we use the following heuristic rule:
We obtain a suitable delay threshold, D, such that Prob (RTT > D) < 0.05, where RTT stands for network round trip time (that includes the backhaul delay).
We then choose a such that T / Jln a = T rD I T] In order to satisfy the condition i), let us assume that we desire to detect a new page arrival within n updates. First, we choose a suitable packet size k such that most packets from page downloads are greater than k. Assuming the value of the update parameter y is 0 before a page begins, we choose P such that yn becomes larger than P if the buffer is of size k and there are no arrivals or departures for n consecutive updates.
To satisfy the condition iii) we choose oc such that a user is switched from DCH to FACH when the update y falls to a value below the number of RLC PDUs that can be transmitted within an update interval with 1/10th of the In our simulation studies we considered three different update intervals, 5 TTIs, 10 TTIs, and 15 TTIs (one TTI lasts 20ms). The FACH data rate was 32Kb/s. We have considered two values for the average of the random network delay on the backhaul. In the first case the delay is exponentially distributed with a mean of lOOms and in the second case, the mean is 200ms. The parameters used for these cases are given in Table 2 and Table 3 , respectively. The assumptions used in the selection of the parameters are: page arrival is signaled by the arrival of an object of size at least 10 PDUs. The desired time to detect the arrival of a page is 5OOms or 600ms. Table 4 and Table 5 The adaptive algorithm shows robustness with respect to the variations on the backhaul network delay. The throughput performance for the adaptive algorithm is also close to that observed with the LRU algorithm. The number of switches is around 2 per page, which is the desired amount for the non-LRU algorithms. In terms of required power, the LRU consumes more than the adaptive algorithm: in the 100 ms backhaul delay case the UE consumed power is as much as 2 dBm higher than for the adaptive algorithm. This difference in the required dedicated power per user is reduced to less than 1 dBm for the 200 m backhaul delay case. V. CONCLUDING REMARKS The paper focused on the performance of dynamic DCH allocation algorithms in UMTS networks in the presence of backhaul network delay. The algorithms have been studied for the case where users conduct a mixed of three different applications: Web-browsing sessions, Email and FTP. While many packet models for the HTTP traffic use a heavy tailed distribution, obtaining meaningful results through simulation for such models requires extremely long simulations. In order to demonstrate the efficiency of the DCH allocation algorithm, we modified the various distributions characterizing the HTTP traffic (session duration, user think time) to be exponentially distributed, which allow for more reasonable simulation execution time. The page size distribution for the HTTP application followed an empirical distribution.
Two algorithms, namely LRU (Least Recently Used) and an Adaptive algorithm, were studied. We developed a method for setting the parameters for the Adaptive algorithm using the page object size statistics, update interval and desired delay.
Dynamic DCH allocation algorithms operate by switching a user out of the DCH state when extended periods of inactivity are detected. In the case of the adaptive algorithm, a moving average metric based on the packet arrival process and queue length is used to determine user inactivity. When the metric drops below a certain threshold, the user is switched out of the DCH state into the Cell_FACH state.
When these algorithms are used on DCH's carrying bursty traffic such as Web browsing traffic, Email and FTP, it is desirable that a DCH remains allocated to a user during the download period and be released only during an extended page viewing period. However, in the case where there is delay and delay jitter, it is possible for the dynamic DCH allocation algorithms to switch a user out of the DCH state during a page download due to a high inter-arrival time between packets of the page caused by network delay jitter. Such scenario is especially possible when the parameters of the algorithms are not chosen properly. This switching process places additional computational burden and increases the user perceived latency of the packets. In addition, the user's TCP throughput suffers especially in the case where a downloaded page consists of a number of small objects.
The power consumption of the LRU algorithm was found to be the highest among the two approaches. The adaptive algorithms perform well if the filter coefficients and thresholds are chosen properly. However, due to the sensitivity of these parameters to traffic statistics, the choice of a set of parameters that would work for all traffic types may not be easy to determine.
